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ABSTRACT
The co-evolution between black holes and galaxies suggests that feedback of active galactic nuclei
influence host galaxies through ejecting radiative and kinetic energies to surroundings. Larger scale
outflow in local universe are frequently observed by spatially resolved spectroscopy, while smaller
scale outflow cannot be directly resolved by current observations. At the scale of the dusty torus,
radiative and kinetic energies ejected from the central active nucleus interact with the materials.
However, observations of such outflow are rarely reported due to the lack detection of unambiguously
gas emission. Here we report the detection of clear and rich emission lines origin from the scale of
dusty tours in an partially obscured quasar. The lines share a common intermediate width with full
width at half maximum about 1900 km s−1 and are shown in two systems: a major system is unshifted
and a minor system has a blue-shifts of about 2600 km s−1. The line intensity ratios, combining
photo-ionization simulations, indicates an ultradense line-emitting region with the density as high as
∼ 1013 cm−3. We interpret this as the lines being excited by a shock induced by the high-density and
high-temperature gases at the scale of dusty torus, rather than photo-ionized by the central accretion
disk. We speculate that the outflow, launched from the accretion disk, collides onto the inner wall of
the dusty torus and shock-heat the gases to cause the major emission lines. The outflowing gases may
also collide onto surrounding isolated clouds, and give rise to blue-shifted minor emission lines.
Keywords: galaxies: active – galaxies: nuclei – quasars: emission lines – individual (2MASS
J15165323+1900482)
1. INTRODUCTION
It is well established that massive galaxies generally
contain supermassive black holes (SMBHs) in their cen-
ters. Observations over the past decades have revealed
tight correlations between the SMBH mass and vari-
ous properties of their host galaxy, such as the veloc-
ity dispersion, luminosity and mass of the bulge (e.g.,
Magorrian et al. 1998; Gebhardt et al. 2000; Merritt
& Ferrarese 2001; McLure & Dunlop 2002; Tremaine et
al. 2002; Ha¨ring & Rix 2004; Ferrarese & Ford 2005;
Aller & Richstone 2007; Gultekin et al. 2009; Woo et
al. 2010). It is generally believed that the required link
in the co-evolution of SMBH−galaxy is provided by the
active galactic nuclei (AGNs) feedback (e.g., Silk & Rees
1998; Fabian 1999; King 2003, 2010; Murray et al. 2005;
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Fabian 2012). The central black holes influence their en-
tire host galaxies through ejecting kinetic and radiative
energies (such as wind, radio jet and radiation pressure)
to their surroundings: from the compacted center to
extend interstellar and intergalactic media (ISM/IGM).
Large scale outflow in local universe are frequently ob-
served by spatially resolved spectroscopy for both ion-
ized (Holt et al., 2008; Fu & Stockton 2009; Rupke &
Veilleux 2011; Westmoquette et al. 2011) and molecular
(Feruglio et al. 2010; Alatalo et al. 2011) gases. The
small scale outflow is hard to be directly resolved by
current observational techniques and instruments. How-
ever, some special emission line features can be quite
revealing to provide us opportunities to peek into the
compact central region that can be very close to the
SMBH (e.g., Zhou et al. 2009).
Here in this paper, we show another example of an
QSO presenting unusual emission-line properties and
may reveal activities that happen close to its dusty
2torus region. The QSO show intermediate emission-line
widths. The widths of emission lines in QSOs are im-
portant properties in the context of the unified frame
of AGNs (e.g., Antonucci 1993), which successfully ex-
plains the diversity of observed AGNs by assuming a
dusty torus located somewhere between the broad emis-
sion line region (BELR) and the narrow emission line
region (NELR). While it is natural to conceive that
there are “intermediate-emission-line regions (IELR)”
between the BELR and the NELR, the identification
of the IELR has been elusive, despite a few previous re-
searches (e.g., Wills et al. 1992; Brotherton et al. 1994;
Mason et al. 1996; Crenshaw & Kraemer 2007; Cren-
shaw et al. 2009; Hu et al. 2008; Zhu 2009). This is
because the emission lines originated from these inter-
mediate regions are not as broad as the broad emission
lines, and their signals are easily submerged by the broad
emission lines and their detection may rely on delicate
and often heavily-degenerated line modeling (Sulentic &
Marziani 1999; Gonc¸alves et al. 1999). However, iden-
tifying these emission lines can be important. Being
emitted from different regions as the BLR and NLR,
these intermediate-width emission lines, if can be prop-
erly identified, can help us to reveal the physics in these
regions that can not be covered by studying the broad
or narrow emission lines. Recently, Li et al. (2015)
reported clear detection of intermediate-width emission
lines (IELs) in a partially obscured quasar OI 287 in
the Hubble Space Telescope (HST ) Faint Object Spec-
trograph (FOS) ultraviolet (UV) spectrum. With the
BELR obscured by dust and the BELs heavily sup-
pressed, the intermediate emission lines are directly
“seen”. This detection provide a novel method for de-
tecting unambiguous IELs: looking for QSOs that have
their broad emission lines, and often the continuum as
well, that have been suppressed.
Good UV spectral data can be very useful in using
this method to identify this kind of partially-obscured
quasars, as the suppression is more easily found in the
blue and UV bands where the dust extinction is more
significant. The HST Space Telescope Imaging Spec-
trograph (STIS), with a wide wavelength range start-
ing from the far-UV (FUV) band of 1150A˚, provides an
opportunity to obtain more clear UV IELs in partially
obscured quasars. In this paper, we report a partially
obscured quasar 2MASS J15165323+1900482 (referred
to as J1516+1900 hereafter). Unlike OI 287, which only
shows two strong IELs of Lyα and C IV due to limited
observational wavelength range of its HST FOS spec-
trum, J1516+1900 shows rich and clear IELs in the UV
spectrum of HST STIS. With the aid of these observed
information of IELs and by combining the theoretical
tool of the photo-ionization simulation, we analyse the
physical condition of the IELR in detail, and discuss the
origin of the IELs.
This paper is organized as follows. In Section 2, we
describe the observations and data reduction; in Section
3, we analyze the observational properties of broadband
spectral energy distributions (SED), emission line spec-
tra and dust extinction; in Section 4, we explore the
physical conditions of the IELR, and discuss the origin
of the IELs; finally, we give a brief summary in Section 5.
Throughout this paper, we use the cosmological param-
eters H0 = 70 km s
−1Mpc−1, ΩM = 0.3, and ΩΛ = 0.7.
2. OBSERVATIONS AND DATA REDUCTION
2.1. Photometric Data
We collected broadband photometric data of
J1516+1900 from archives of various large sky sur-
veys, which includes the Wide-field Infrared Survey
Explorer (WISE, Wright et al. 2010), the Two Micron
All Sky Survey (2MASS; Skrutskie et al. 2006), the
Sloan Digital Sky Survey (SDSS, York et al. 2000), the
Galaxy Evolution Explorer (GALEX, Morrissey et al.
2007), and the Chandra X-ray Observatory (Wilkes et
al. 2002). The details of the multi-wavelength photo-
metric data are presented in Table 1.
Table 1. Photometric Data
Band Value Facility Observed Date
(mag) (UT)
FUV 18.494±0.078 GALEX 2007-04-13
NUV 18.049±0.036 GALEX 2007-04-13
u 16.198±0.015 SDSS 2005-04-09
g 15.614±0.015 SDSS 2005-04-09
r 15.169±0.014 SDSS 2005-04-09
i 14.592±0.014 SDSS 2005-04-09
z 14.861±0.019 SDSS 2005-04-09
J 13.437±0.022 2MASS 1997-06-15
H 12.613±0.022 2MASS 1997-06-15
Ks 11.376±0.018 2MASS 1997-06-15
W1 10.017±0.022 WISE 2010-01-30
W2 8.869±0.020 WISE 2010-01-30
W3 6.353±0.015 WISE 2010-01-30
W4 4.424±0.026 WISE 2010-01-30
2.2. Spectral Data
3Table 2. Spectroscopic Data
Wavelength Range Slit Width λ/∆λ Exp.Time Instrument Data
(A˚) (′′) (s) (UT)
1150−3180 0.5 1200, 755 2857, 2311 HST/STIS 2002−02−11
3433−7841 1.5 2195, 1385 600×2 Shane/DoubleSpec 2016−07−04
2500−10700 1.5 800, 1700 600×2 Hale/DoubleSpec 2017−01−09
9720−24629 1.5 3500 300×4 Hale/TripleSpec 2016−04−20
The spectral data of J1516+1900 cover from FUV to
near-infrared (NIR). Table 2 summarizes these observa-
tions and we describe the details below.
HST UV Spectroscopy. The UV spectrophotometry of
J1516+1900 was obtained on 2002 February 11 with the
STIS on board the HST (PI: Paul Smith, Program ID:
9161). Two spectral observations was taken using a long
slit of 52′′ × 0.5′′. One was performed using the G140L
grating for a 2857 s exposures, giving a FUV spectrum
with a wavelength coverage from 1150 A˚ to 1730 A˚; the
other was obtained using the G230L grating for a 2857 s
exposures, producing a near-UV (NUV) spectrum from
1570 A˚ to 3180 A˚. The data were reduced and calibrated
with the HST STIS pipeline. We retrieved the spectra
from Mikulski Archive for Space Telescopes (MAST)1.
Hale NIR Spectroscopy. On April 20, 2016, we
performed follow-up NIR spectroscopic observations of
J1516+1900 using TripleSpec (Wilson et al. 2004) on
the Hale Telescope . A slit of 1.1′′ was chosen and four
300 s exposures were taken in an A-B-B-A dithering
mode with the primary configuration of the instrument.
This yield a spectrum with a wavelength range of λ ∼
0.97–2.46 µm. The data were reduced with the Triple-
spectool package, a modified version of Spextool (Cush-
ing et al. 2004).
Shane/Hale Optical Spectroscopy. To acquire the op-
tical spectrum, we performed two spectroscopic obser-
vations. On July 04, 2016, we took observations of this
object using the Kast Double Spectrograph on the Shane
Telescope at LICK observatory. A 1.5′′ slit was chosen
to match the seeing, and two 600 s exposures were taken
using the 600 lines mm−1 gratings, one blazed at 4310
A˚ and the other at 5000 A˚. These settings yield a blue
wavelength coverages of λ ∼ 3433–5510 A˚ and a red cov-
erages of λ ∼ 5088–7841 A˚, respectively. On January
09 2017, the DoubleSpec on Hale Telescope at Palomar
Observatory was used for observation. A 1.5′′ slit was
chosen and two 600 s exposures were taken, one used
1 http://archive.stsci.edu/
the 600 lines mm−1 grating blazed at 4000 A˚ and the
other used the 316 lines mm−1 grating blazed at 7500
A˚. This gave a spectrum with a wavelength range from
3000 A˚ to 5700 A˚ in blue, and a spectrum from 4800 A˚
to 10700 A˚ in red. Standard stars were observed quasi-
simultaneously for flux calibration. Wavelength calibra-
tion was carried out using an Fe/Ar lamp for the blue
portion and He/Ne/Ar lamp for the red portion. The
data reduction was accomplished with standard proce-
dures using IRAF2. We combined the DoubleSpec and
SDSS spectrum to form one spectrum covering a wave-
length range of λ ∼ 3000−10700 A˚.
Before conducting analysis, all of the photometric and
spectroscopic data have been corrected for a Galactic
reddening of E(B − V )=0.040 using the updated dust
map of Schlafly & Finkbeiner (2011), and converted to
the rest frame of the quasar using the redshift z = 0.1893
determined by the peak of [O III] λ5007 emission line.
3. DATA ANALYSIS AND RESULTS
3.1. Broadband SED
With the multi-wavelength photometric and spectro-
scopic data of J1516+1900, we generate its broadband
SED in the rest frame spanning from infrared to X-ray
(Figure 1). The spectroscopic data are well consistent
with the photometric data, indicating that flux variation
is not significant among different observation epochs. As
monitored in the Catalina Sky Survey3 from 2005 July
6 to 2013 June 16, the V-band variations of J1516+1900
are within 0.07 mag, roughly consistent with the median
measurement uncertainty of 0.06 mag. Therefor vari-
ability of J1705+3543 in optical band is insignificant.
For comparison, we overplot the composite quasar
spectrum (Shang et al. 2011) and normalize it to the
SED of J1516+1900 at the WISE W3 band. In the long
2 IRAF is distributed by the National Optical Astronomy Obser-
vatory, which is operated by the Association of Universities for
Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.
3 http://nesssi.cacr.caltech.edu/DataRelease/
4Figure 1. Broadband SED of J1516+1900 in the rest frame spanning from infrared to X-ray. The composite quasar spectrum
(blue line) normalized at WISE–W 3 is overplotted for comparison. The observed SED of J1516+1900 is identical to the
composite quasar spectrum in the long-ward portion (λ > 1µm), while decreases in the short-ward portion. We zoom in the
short wavelength region in the insert panel to make a better demonstration. We redden the quasar composite spectrum (red
line) using the SMC extinction curve with an E(B − V ) of 0.32 and found it can well match the observed SED of J1516+1900.
wavelength range (λ > 1 µm), the SED of J1516+1900
is consistent with the composite quasar spectrum. In
contrast, toward the shorter wavelengths, the contin-
uum flux level of J1516+1900 decreases gradually in the
optical band and sharply in the UV band. We zoom in
this wavelength range in the insert panel of Figure 1 to
better demonstrate this.
We apply a reddening process to the quasar composite
spectrum to see if the SED of J1516+1900 can be re-
produced by a typical quasar spectrum plus reddening.
We use the extinction curves of the Small Magellanic
Cloud (SMC). It can be seen that the observed SED of
J1516+1900 can be well reproduced, when the compos-
ite quasar spectrum is reddened by the SMC extinction
curve with an E(B−V ) of 0.32. The only mismatch is at
the FUV band, where the spectrum of J1516+1900 turns
up toward short wavelength range (λ < 1200 A˚), imply-
ing J1516+1900 may have some extra radiation (e.g.,
scattered light) contributed to the FUV continuum. De-
spite this, the good match between the UV-optical SED
of J1516+1900 and a reddened quasar suggests that the
central continuum source of J1516+1900 is obscured at
E(B − V ) ∼ 0.32.
The X-ray emission of J1516+1900 may be obscured
even more. When normalized as before, the Chandra
X-ray emission is much fainter than that of the com-
posite quasar spectrum. To result in such faint Chan-
dra X-ray emission, it requires a large hydrogen col-
umn density at NH = 5.4 × 10
23 cm−2. However, ac-
cording to the dust extinction of E(B − V ) = 0.32 de-
rived above, and assuming a SMC gas-to-dust ratio of
NH/E(B−V ) = 3.7−5.2×10
22 cm−2 mag−1 (Bouchet et
al. 1985), the column density of the obscuring material
is estimated to be only 1.18−1.66×1022 cm−2. As SMC
has a relative larger gas-to-dust ratio, compared with
Milky Way (NH/E(B − V ) = 5.0 × 10
21 cm−2 mag−1,
Burstein & Heiles, 1978), and Large Magellanic Cloud
(LMC, NH/E(B − V ) = 2× 10
22 cm−2 mag−1, Koorn-
neef et al. 1982), the column density should be suf-
ficiently estimated. Therefore the faint Chandra X-ray
emission of J1516+1900 indicates more absorbing hydro-
gen atoms located in the front of the obscuring material.
3.2. Emission Line Spectra
Figure 2 presents the overall observed spectra of
J1516+1900 from UV through optical to IR. There are
rich emission lines shown in all of the bands. BELs lines
are very strong shown in the optical and NIR, while be-
come much weaker toward UV and almost disappear in
FUV. At the same time, there are rich emission lines
with intermediate widths clearly presented in the UV
spectra.
To investigate the properties of these emission lines
in detail, we subtract the underling continuum form
5Figure 2. Observed UV-Optical-NIR spectra (black) of J1516+1900 in rest-frame wavelengths overlaid with the continuum
models (red). Top: UV spectrum taken by HST/STIS, and the continuum fitted with a power-law (blue) and a UV iron
pseudocontinuum (green). Middle: Optical spectrum combined by Shane DoubleSpec and Hale DoubleSpec spectrum. The
optical continuum includes a power law (blue), a Balmer continuum (purple) and an optical iron pseudocontinuum (green).
Bottom: NIR spectrum obtained by Hale TripleSpec, and the continuum modelled with a power law (blue) and a black body
(orange). Prominent emission lines are labelled in each panel. The UV spectrum shows rich and clear IELs, while the optical
and NIR bands are dominated by strong BELs.
the observed spectra by locally fitting the continuum of
the UV, optical, and NIR separately, in waveband win-
dows free from strong emission lines. The continuum
modelings of different wavebands are treated slightly
differently: (1) We fit the UV continuum using a sin-
gle power law and UV iron multiplets (Vestergaard &
Wilkes 2001). (2) The optical continuum is fitted with
the combination of a power law, a Balmer continuum
(supplemented with blended high-order Balmer emis-
sion lines), and optical iron multiplets (Ve´ron-Cetty et
al. 2004). (3) The NIR continuum is fitted using the
combination of a power law and a black body. These
continuum models are overplotted in Figure 2.
We subtract the continuum models from the observed
spectra and display the main emission lines in Figure
3. The UV emission lines (including Lyγ, C III λ977,
N III λ991, Lyβ, OVI λ1035, Lyα, NV λ1240, Si IV
λ1397, O IV] λ1042, C IV λ1549) are dominated by an
intermediate-width component, while their broad com-
ponent are almost completely absent. More interest-
ingly, in the blue sides of the most strong UV lines of
Lyα, NV λ1240, and C IV λ1549, there is also a minor
intermediate-width component, blue shifted by ∼ 2500
km s−1. We call the major unshifted intermediate-width
component as unshifted system, and the minor blue-
shifted intermediate-width component as blue-shifted
system. The optical and NIR emission lines (such as
Hβ, Hα, Paβ, and Paα) are dominated by their broad
components.
We decompose the main emission lines of J1516+1900
into a broad, a narrow, and two intermediate-width com-
ponents (the unshifted system and the blue-shifted sys-
tem), to measure the strengths of different emission line
components. The method of line decomposition is sim-
6ilar to that described in detail in Li et al. (2015), with
small modifications. A single Gaussian is performed to
model the narrow and intermediate component, and two
Gaussians for the broad component. The same compo-
nents in different lines are assumed to have the same red-
shift and line width. For the doublets of OVI λλ1032,
1037, NV λλ1239, 1243, Si IV λλ1394, 1403, and C IV
λλ1548, 1551, each doublet component is modelled sep-
arately with their relative intensity ratios fixed at 1 : 1,
assuming that the emission is optically thick. The for-
bidden lines [O III] λλ4959, 5007 are modelled with two
components, one narrow component for the line core and
one free Gaussian component for the blue wing. An ad-
ditional broad Gaussian is performed to eliminate the
influence of Hβ “red shelf” (Meyers & Peterson 1985;
Ve´ron et al. 2002), a red wing extending underneath
the [O III] double lines. Absorption lines and bad pix-
els are carefully masked during the fitting process. The
best-fit results are shown in Figure 3, and the emission-
line parameters are summarized in Table 3.
Figure 3. Emission lines (black) of J1516+1900 in rest-
frame wavelengths sorted from UV through optical to NIR.
The UV emission lines are dominated by an intermediate-
width component, while their broad component are almost
completely absent. In the blue sides of the most strong UV
lines of Lyα, NV λ1240, and C IV λ1549, there are also mi-
nor intermediate-width components. The optical and NIR
emission lines are dominated by their broad components.
We decompose these emission lines into the broad (blue),
narrow (green), and intermediate-width (cyan) components.
The red dashed lines represent the sum of all components.
Table 3. Measurements of Emission Lines
BEL IEL(major) IEL(minor)
Shift (km s−1) -551±5 62±5 -2609±33
FWHM (km s−1) 6327±116 1919±11 1919±11
Flux (10−17 erg s−1 cm−2)
Lyγ < 15 546±125 –
C III λ977 < 21 1443±118 –
N III λ991 < 24 1431±83 –
Lyβ < 63 868±391 –
OVI λ1035 < 408 11986±0 –
Lyα 4328±221 15517±196 1521±64
NV λ1240 1184±0 15650±106 2008±40
Si IV λ1397 < 849 3545±149 –
O IV λ1402 < 258 1138±254 –
C IV λ1549 4150±594 9196±198 836±309
C III] λ1909 7140±272 65±14 –
Hβ 41846±1496 0±0 –
Hα 190998±1474 6635±1306 –
Paβ 15882±161 388±136 –
Paγ 18903±215 563±183 –
3.3. Extinction Analysis For Emission-line Regions
With the measurements of BELs, we first investigate
the extinction for the BELR, using the intensity ratios of
BELs in J1516+1900 to those in the composite quasar
spectra (Vanden Berk et al. 2001; Scott et al. 2004;
Harris et al. 2016). Figure 4 presents the derived in-
tensity ratios of J1516+1900 BELs to composite quasar
BEls. The intensity ratios is normalized to unity at Paα.
For those heavily blended lines (including Lyγ and C III
λ977, Lyβ and OVI λ1035), we use the summed inten-
sities (Lyγ + C III λ977, Lyβ + OVI λ1035) for both
J1516+1900 and the composite spectrum, to reduce the
uncertainties of line decompositions. In shorter wave-
length range, BELs (such as Lyγ, C III λ977, N III λ991,
Lyβ, and OVI λ1035) are weak, but they can put strong
constraints in estimating the BELR extinction. We use
their 3-σ upper limits to constrain the extinction. As
shown in Figure 4, the intensity ratios gradually de-
crease toward shorter wavelengths, which can be well
modelled by the SMC extinction curve with an E(B−V )
of 0.34±0.05. The dust extinction of BELs is very close
to that derived from the broadband SED, implying the
BELR and accretion disk is obscured by common dust
grains.
On the other hand, the prominent UV IELs shown
in the observed spectrum of J1516+1900 indicate that
dust extinction is not significant for the IELs. We in-
vestigate the IELs extinction through the Lyman line
ratios of Lyα/Lyγ. We use Lyγ rather than Lyβ since
7Lyγ is more sensitive to the dust extinction. Its mea-
surement is also more reliable. Under the CASE B con-
dition, the intrinsic Lyα/Lyγ is∼ 1500−2500 in the low-
density limit, and ∼ 30 − 100 in the high-density limit
(Osterbrock 2006). The observed value in J1516+1900
IELs is 28.4± 6.5, roughly consistent with the theoreti-
cal ranges of the high-density-limit case. Therefore, the
IELs should be produced in a region without much dust
extinction, as well as having a large gas density.
Figure 4. BEL intensity ratios (red diamond) of
J1516+1900 to composite quasar. The ratios are normal-
ized to unity at Paα. From long to short wavelength lines,
the ratios gradually decrease, which is well modelled by the
SMC extinction curves with an E(B − V ) of 0.34±0.05.
4. DISCUSSION
4.1. AGN Ionization
Using the measurements for the rich set of IELs in
J1516+1900, and combining with the photo-ionization
models, we investigate the physical conditions of the
IELR. We perform a photo-ionization simulation using
the CLOUDY code (Version 13.03, Ferland et al. 1998).
We consider a slab-shaped gas that is illuminated by
an ionizing source with an AGN SED defined by Math-
ews & Ferlan (1987, hereafter MF87). For simplicity,
we assume the gas with unique density, homogeneous
chemical composition of solar values. The total column
density (NH) of the gas increases with a grid of NH =
1020 cm−2, 1021 cm−2, 1022 cm−2. For each NH, we
calculate a two-dimensional grid with variable hydrogen
density (nH) and ionization parameter (U). Since the
IELR of this quasar may have a large gas density as
mentioned above, we consider a wide nH range from nH
= 109 cm−3 to a high value of nH = 10
14 cm−3. As
there are high-ionization IELs in the observed spectra,
such as OVI, NV, C IV, the IELR may also have a rela-
tive high ionization parameter. We restrict the range of
U to be from U = 10−3 to U = 1. Both of nH and U
vary with a step of 0.5 dex.
In total there are three various parameters, nH, U , and
NH in the simulation. We constrain these parameters
using the observed IEL ratios measured in J1516+1900.
Here we focus on the major IEL system because it has
a rich set of IELs that can be used. As shown in Fig-
ure 5, for each NH, we plot the contours of line inten-
sity ratios (including Lyα/Lyγ, C IV λ1549/C III λ977,
N V λ1240/N III λ911 and OVI λ1035/O IV] λ1402) as
functions of nH and U . We choose these intensity ratios
of two lines from a single element to alleviate ambigu-
ities due to chemical compositions. The colored areas
represent the ranges for 1-σ measurement errors in this
object. When NH increases to 10
21 cm−2, the four in-
tensity ratios suggest the best constrained parameters
of nH = 10
12.9 cm−3, U = 10−1.8.
With the constrained U and nH, we estimate the dis-
tance of the IELR to the ionizing source (RIELR). Ac-
cording to the definition of U , RIELR can be expressed
as RIELR =
√
Q(H)
4picUnH
=
√ ∫
∞
ν0
Lν/hνdν
4picUnH
, where Q(H) is
the number of photons emitted by the ionization source
which can ionize the hydrogen, Lν is the specific lumi-
nosity of the ionizing source, and the integral is over all
hydrogen-ionizing photons. Using the dust extinction
corrected continuum and assuming an MF87 SED, we
have Q ≈ 3.5 × 1056 photons s−1. Once U and nH are
given, RIELR can be inferred from the above equation.
In Figure 5, we also plot the contours (dotted lines) of
RIELR as functions of nH and U . With the above con-
strained nH and U , RIELR is found to has a small value
of ∼ 0.027 pc.
Such a small distance, however, is significantly smaller
than the BELR radius of J1516+1900. According to the
empirical relation of BELR radius and continuum lumi-
nosity given by Bentz et al. (2009), the BELR radius of
this quasar is estimated to be RBELR ∼ 0.17 pc. Since
the BELR of this quasar is suggested to be obscured
by dust grains, it is interesting and confusing that the
IELR with such a smaller radius is not obscured.
A possible mechanism of avoiding materials in the in-
ner accretion disk to be obscured might be the “failed
wind” model (e.g., Proga & Kallman 2004; Sim et al.
2010). In the inner region of the accretion disk, the
material is launched from the disk plane driven by lo-
cal disk UV line radiation, but not accelerated to reach
escape speed due to overionization by central X-ray radi-
ation. The wind eventually falls back to the disk plane.
This scenario results in a “failed wind”, which has a
quite high density at large scale heights above the disk
plane (Proga et al. 2005). Besides, the magnetic field in
the inner disk can help to stir the material up to even
greater scale heights, and result in a larger covering fac-
8Figure 5. Photo-ionization simulations of gas illuminated by an ionizing source with an MF87 SED. We plot the contours of
line intensity ratios (Lyα/Lyγ, C IV/C III, NV/N III and OVI/O IV]) as functions of nH and U , with increasing NH of 10
20 cm−2
(left), 1021 cm−2 (middle), and 1022 cm−2 (right). The filled areas represent the observed ranges of IEL intensity ratios. The
four intensity ratios suggest the best parameters of nH = 10
12.9 cm−3, U = 10−1.8, when NH = 10
21 cm−2. The gray dashed lines
represent the distance of emission-line region to ionizing source, calculated as R = (Q(H)/4picUnH)
0.5. With the constrained
nH and U , the distance of the IELR to the ionizing source is derived to be only ∼ 0.027 pc.
tor (Schurch 2006). This model allows the “failed wind”
to be observed, even though the disk UV−optical radia-
tion region and the BELR are obscured in the observer’s
light of sight. The “failed wind” blocks the central X-ray
and extreme UV radiation and prevents the outer wind
from being overionized, as well as itself ionized and can
produces emission lines through photo-ionization pro-
cesses. However, the velocity dispersion of the “failed
wind” is expected to be very large, since the “failed
wind” locates in the inner accretion disk. The rotation
velocity in the radius of IELR is estimated to be ∼ 104
km s−1, much larger than the observed IEL velocity.
Therefore, it is unlikely to result in emission lines with
intermediate-widths through the “failed wind” model.
4.2. Shock Ionization
A reasonable possibility maybe that the ionizing
source of the IELs does not locate in the central ac-
cretion disk, but in an outer region beyond the obscur-
ing materials. In this case, RIELR calculated by the
photo-ionization model should not be interpreted as the
distance of IELR to the central region. Meanwhile, the
small radius of IELR to the ionizing source suggests that
the IELR may also locate in an outer region beyond the
obscuring materials, which is to say that the IELR can
not be obscured in the observer’s line of sight.
The gas density in AGNs is generally believed to de-
crease from central to outer region. Usually, the accre-
tion disk and the BELR has a high gas densities in the
range of ∼ 109−13 cm−3. The inner surface of the dusty
torus has a gas density of ∼ 106−9 cm−3. In the NELR
and the interstellar medium region, the gas densities are
only ∼ 102−3 cm−3 (e.g., Peterson 1997). To produce
∼ 1013 cm−3 ultradense gases in an outer region beyond
the obscuring materials, some extra physical mechanism
should be required. Shock is a common mechanism to
cause high-density gases in astrophysics. At the scale of
the dusty torus, the outflow in quasars can collide onto
some materials, which may result in high-density and
high-temperature ionized gases.
Figure 6 displays a cartoon to illustrate this shock sce-
nario. The light of sight to the central accretion disk and
BELR are obscured by dusty grains near the boundary
of the dusty torus, which results in the reddened SED
and reddened BELs observed in J1516+1900. The out-
flow is launch from the inner accretion disk and accel-
erated by disk UV line radiation. When arrives at the
region of dusty torus, the outflow accumulates high ki-
netic energy and collides with materials, which results
in high-density and high-temperature ionized gases and
produce emission lines with intermediate widths. If the
outflow collides onto the inner wall of the dusty torus,
the outflow momentum might be almost lost through a
violent collision and cause the unshifted major IELs. If
the outflow collides onto surrounding isolated clouds, a
fraction of its momentum could be retained through a
slight collision, which gives rise to the blue-shifted minor
IELs.
To check this supposition, we also perform a CLOUDY
simulation for the shock model. The simulation settings
for our shock model are similar to Zhang et al. (2019),
which described a CLOUDY simulation for high-density
shock in detail. As the radiation in the cooling zone of
the photo-ionizing shock is dominated by the thermal
bremsstrahlung radiation, the incident radiation in our
shock simulation adopts the model of Sutherland et al.
(1993), which evaluated an ionizing spectrum of ther-
mal bremsstrahlung radiation. The ionizing spectrum
is characterized by the temperate (T ). We consider a
9Figure 6. A schematic diagram for the IEL origin. The light of sight to the central accretion disk and BELR are obscured
by dusty material near the boundary of the dusty torus, which results in the reddened SED and reddened BELs. The outflow
gases, launched from the accretion disk with high kinetic energy, collides onto the inner wall of the dusty torus and shock-heat
the gases to cause the unshift major IELs. The outflowing gases may also collide into surrounding isolated clouds, and give rise
to blue-shifted minor IELs.
Figure 7. Photo-ionization simulations of gas heated by a shock with increasing T of 105 K (left), 106 K (middle), and 107
K (right). For each temperature, we plot the contours of line intensity ratios as functions of nH and NH. The filled areas
represent the observed ranges of IEL intensity ratios. The four intensity ratios give the best parameters of nH ∼ 10
13 cm−3,
NH ≥ 10
22 cm−2, when T = 106 K.
possible temperate range of 105 < T < 107 K, in which
the ionizing spectrum, unlike the AGN SED, peaks at
extreme UV to soft X-ray band, and falls rapidly at
higher and lower energy. The other simulation settings
are same as the AGN model described above. Figure
7 shows the simulation results. The shock model can
reproduce the four considered IELs ratios measured in
J1516+1900 under the parameters of nH ∼ 10
13 cm−3,
NH ≥ 10
22 cm−2, in the case of T = 106 K.
Adopting this parameters derived above, we use
CLOUDY code and export the intensities for all of the
UV IELs (including Lyγ, C III λ977, N III λ991, Lyβ,
OVI λ1035, Lyα, NV λ1240, Si IV λ1397, O IV] λ1042,
C IV λ1549, C III] λ1909) in J1516+1900. Figure 8 shows
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the comparison between the shock model predicted in-
tensities and the observed IEL intensities (both are nor-
malized to Lyα intensity). The UV IEL intensities ob-
served in J1516+1900 are consistent with those pre-
dicted by the shock model.
Figure 8. Comparison between the shock model predicted
line intensities and the observed line intensities for all of the
UV IELs in J1516+1900. Both of the model predicted and
observed line intensities are normalized by Lyα. The dashed
line represents a 1:1 relationship.
5. SUMMARY AND IMPLICATION
We presented a detailed analysis of the partially ob-
scured quasar J1516+1900 with its archived data and
follow-up observations. Both of its broadband SED and
BELs are reddened by an SMC-like extinction curve,
while its UV spectrum shows rich and clear IELs with
FWHM about 1900 km s−1 in two systems, an unshifted
major one, and a blue-shifted minor one.
With the aids of the observed IELs and assuming the
IELs are photo-ionized by the central accretion disk, the
distance of the IELR to the ionizing source is estimated
to be only ∼ 0.027 pc. Such a distance is significantly
smaller than the BELR radius of ∼ 0.17 pc. This is
contradict with the IEL observational features of inter-
mediate widths and no significant dust extinction. The
“failed wind” model might avoid the gases to be ob-
scured, but unlikely to result in emission lines with in-
termediate widths.
A reasonable explanation for the IEL origin is that
the IELs are produced by shock-heated high-density and
high-temperature gases, rather than photo-ionized by
the central accretion disk. The outflow, launched from
the accretion disk with high kinetic energy, collides onto
the inner wall of the dusty torus and shock-heat the
gases to cause the major emission lines. The outflowing
gases may also collide onto surrounding isolated clouds,
and give rise to blue-shifted minor emission lines.
If the IELs are indeed reproduced by the shock model,
the IELs observed in quasars might provide a new av-
enue to understand the physical processes of quasar out-
flow. For example, the IEL intensities should relate to
the outflow kinetic energy. The intensity ratios of IELs
and BELs could increase with the increasing interac-
tions between outflow gases and materials at the scale
of the dusty tours. It can be expected that for some
quasars with extreme outflow, their emission lines could
be dominated by the IELs, even though the BELs are
not obscured. Such extreme IELs are well worth study-
ing the quasar outflow and will be discussed in detail in
our future works.
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